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(54) METHOD OF MANUFACTURING SEMICONDUCTOR DEVICE 



(5 7) Abstract: 

PROBLEM TO BE SOLVED: To protect 
electrodes or wirings formed of high-melting metal 
nitride against etching at cleaning after the 
electrodes or wirings are formed in the 
manufacture of a semiconductor device provided 
with the electrodes or wirings formed of high- 
melting metal nitride. 
SOLUTION: A semiconductor device 
manufacturing method comprises a first process 
of forming conductor films that contain high- 
melting point nitride films on a semiconductor 
substrate, a second process of patterning the 
conductor films into required forms, and a third 
process of cleaning the patterned conductor films. 
A cleaning solution used in the third process of cleaning the patterned 
conductor films is a mixed solution of quaternary ammonium hydroxide 
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[KB] »atiL<l*iB«l3SEttjS*Jiafc«l*ffll^ 
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[<b3] 
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SMiStLT. <Pt£<t*>. -BSC 
Hbi ] 

P)nN(R)4.n] + 0H- 
(R liKSgSfe i ~ 2 cdt;u^;uS. RttffiSK i ~ 2 co 
7/U*;uS£fcl*&iiti&1 ~2fflt Kn*->g&T;u4r 

R'. Rli**i J ?*Ll5]--t?a&oT ; fe.m&-DT 
(.vCtfiLV, nli 1 ~3<Dmm.o ) "C3l$*t-5^4|Rr 
> =E - ^ A7KIHbt$3 te <fc l/^K-(b7K^7K <fc £ 

a. 

[ff#JS3] ffjfS;3fc;$j$l;J\ t^iiST^-^ATjcBg 
IbffcuSJSAtO. 05-0. 3mol/U MiHb7kf?i7K;1g7b<0. Imo 
I /LlilTT* fe -5 £ 4#8fc <t "T •5t*#J3 1 ~ 2 SE«0>¥ 

[K«9I4] ltrE«4«7:/ ! e = '>.k*HMI;1fc4: Lt 
•t- h^^JUT^-OA/W KP*-*-y--f K*BI^* 

w t £tt«£ -r 1 ~ 3 s&mo)^mwmmmyk^ 

5*0 

[St** 5 ] 1 ~ 4 izftW.0)!¥-m&mWO>Mm. 

**"C*y. flHB&Bxai*. «rB«{*B£lT\ »lt 

>«©3jisaj»-rftxa-T?*y. tfrreanxxgra:, m 

E»(*«*y— h«acDff2tSl3flQX-f •SXg-efe-SCi: 



[BBBflDBBfcttB] 
[OOOI] 

*»ic«*>y» sat L<i*iBBi=KiBj£&RS4b8j£ 
[0002] 

[&3fc(Dttffi] JS«[HlS&£l?iJ3c-f SMOSFET (Metal Oxide 
Semiconductor Field Effect Transistor : MOSgJUfS 
aS'h5>i?X$)(Dy-h«fftt. -IftMlcli^fg^ 
^ya>|z < fcy«fi££;h.TL''7=o LA N L> LSICDBBB 
•IblCcfcoTy- \~WM<»f- hfiA<£< fc30>(=#l\ 
y-hSawic*8«fixA<li^L. i*ll=J:*«#e«l 

>*y tffigefEfW^^fe'&WSij. TiSi 2 . MoSij^OiS 



y— h*ai=-*-*^fc**«B*srvci*.&. 
[0003] zmikis'j^^^tmittxfxTXDzm 
ia**t*y- na»«i*ft(»-«i* ■ 1 (a) 

[0004] *-r. •> y =1 >ss 1 1 ±ic*?-#fta>*: 

totD?*— ;uKBfbBi 3. p!-5i;Hi 2£flsj£-f 
•5. *l=y— KBfcBl 4tiitt»l:J:oT»)8ti 
(Ell (a)) „ 

[000 5] cirojiic^jssi/y a>n 5. 

Sft$>m>gl 6. BfbBl 7, ifti/'Ja^H 

1 8 ^ fc^Mftaitaas (JiiTcvD;s,t:faa*) ictyjs 
«*-* (si »)) . 

[00 0 6] jki=, ii^ro* h y v^^^-r ^i=«fc y/< 

ifm.it-> >)=i>mi 8 otf 4B*y— h«aro^«icjiD 
x-t* (Hi (c)> . 

[0007] y— h«a»B». -BMi=Bi*&ift.Ti* 

«5etf, ri/^-TTjcfcaBflsJMMcfcaB 

tLfc*rxfc«j:txy- k Ba£«jSL.xL> 5 l 
t, y- h®ao)fiiisi^xfi£-r-5<b^A?> K^-fx-v^ 
> y B#ic&£ l fc/ <— t- 1- * ;u * a**- 6 fc to r* fc 3 „ 
[0008] L**U LSItOSBafbtfS&lziftfri:, 

±.fE2jn§t&a>y- htsj: y & i=««ttfcy— t- 
tiwitfcy . 3 «ta**»fc-r y- nma 

Lt, K.Kasait>l* rw/WNx/Poly-Si Gate Technolog 
y for Future High Speed Deep Submicron CMOS LSI 
sj . 1 9 9 4-f >^t-> 3t;i/ • xb^ KD> • f/? 
-fX-a>77U>X (International Electron Devi c 
e Conference) icfc^T. £«£J|-> ') a VSiSft* > 
^Xf>It ^ >^Xf VJ1 CD 3 ^Slit^^-T-SMOSFET 

^S^ltl^^o ca>»jfti-tei*-c. Sit* >?Xf> 
Bl*, ^^^vyzj>gt'S'>yXT L >Bi:A<SlCLX 

^sfc ! icDiSt^->y■y■'^' Ka$»«-r«a>«i»jL-r«f=Ai= 
y>yfti=j:yaas*fci^«. 

[O O O 9] 

z>o>m3zi~&&t, ±^<o#jgs*>y =t>mtm<t*i' 
*r-r.5M0SFET£§iji-r y- h«a^j«^<DjJtjf 

fcsat-> w<D3JHiiga>y— hsa*^f*i«osFET£ 
ais-r-sis^, sft*>yx-f->B* < jstJ*5ai=*»L.r 
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3jMt*a>y- h«a**-r*iiosFET*«jft-r«»*. 

h»fcB2 4*m«ft8i:J:oT»*Lfc*, C<D±U: 

tESfi) lc J: (8 2(a)) . 

[0 0 10] C^^IvU3>H2 5<D±lzmit$ > 
^Xf>!2 6. ^>^f>!2 7^/^^$;il:d: 
yjdUB-T*. ClCD&*>^X^>Bi2 7 JilC^XvCV 
DJSICJ: ygftvU3>!2 8£jftK'r« (132(b)) . 

[0 0 1 1 ] S^CD* MJ V^3^;£|C£ 

=3>H25, Iib^>^f>l2 6, £ >^T>I 
2 7 fc cfc •> U =i >H 2 8 0) W 4 JB * — h 

flMfclcttX-r* (132(c)) o K^-fx^^>^*f3 

K9-fx'y^>$f*TfH::* |2 (c)0>»«<D2fe»*fT 

•So 

[0 0 12] pM>7x;Wf 2 2*10— x^isS 

fc«fctf Ku-f >fUa£JBJ5fcL. V-XiS, Ku-om 

!ifcjfJl^£J&J$LTM0SFET£^J$£li-.5>o 
[0 0 1 3] SgBJl#t > 0)SFffilc < J:& l !; % Jt££<Z)j*;$X*I 

y— hmisrofflyffifre.x.y^v^ftfcy . mmmm-k 

So 

[00 1 4] *#£BJ!li. ±.ftffimz&frXti.Z*ltz*>0> 
[0 O 1 5] 

tHW©»(*KS»iM-*xSi» ffJlH3l<*ll1i£f?riia> 
temz/<& h1mJiT.mii , Jax$ti.fcfiI5^ 
#IK£35fe;*-r3X?f MlSjSfe;* xflT-teffl-T * 

[0 O 1 6] 



[lb 2] 

, P#W*0H- 
[0017] (R liS^Sft i ~ 2 <dt;u^;uSs RliK 

5R»1 ~ 2<D7)l'*rJ\'&&tzi*6im$n ~2(0t KP* 

i/M&T;i>3r;u*£«L-. r\ Rii^tv^ttPl-TJfeo 

TtMfco-C^TtaLV nl* 1 ~ 3 ) 

&ifm7k : £-gm-tz> ! M-&fcx-mftzn5mzj; y, at;* 

B#(O^Si^^SM<bSI<D x ^ > <7 £R&it-f 4 <fe 3 lc L 

fctrot-fcS. c^-c*Sl4^#M^^bM«ti*. mitr* 
Ift$v^f>> ^b*>$;ufc<*fj!><;§£lf t>*l 

[0 0 18] *^gB^<o^(*^M<Os5t;t^lcftffl$H-ij 

>^x-i?A/\-f K, t h^x^JUT^^Ex 

•7A/\-f Ko^-y-'f h\ MJ -^JUx^UT >=Ex-t7 

-f KPtW K, MJ *=f-)\, (2 -t Ko + Mf 

[0 0 19] c*tt,m4iiar>^xt7A7K^b%iWd:A^ 
Xlt, R' fc*t/RO)KmiaA<'J^L^A<»*L<. 
fh7^ft7^W/W KP^-^-y--f K (K1TTM 

[0 0 2 0] *f§Bjro*Sf*^g0>^?fj«T*feSlg4$R 

r x r> ATkigfct&ifc «fe t/jfii^bTKStTkfc <fc i/M^tK 
^mmw. o5~o. 3moi/u &mt*m*fefkte±m& 

*0. 1mol/LWTl3-r-SCi:A<M*Lf»c *<r>m&t L 

x. &4®.7> : z-^j**mtto&m.i>m-*<ghm-£;\z 

14. ^j§^S^bM©x-v^>y^Jgliffl*iJ$*i-S> 

jWbmi*(3:.^<t*x-;/^><7£;ftfc^A<. -><)^ 

#iSfivy =i><D®$>*vA<H^L. j5fejf^m* < ^'5:t>+t 
3fctf>-t?&£„ Ja^b^TKlifiaLfci/y a> 

^^Si/'J =1 XDffifctt^ |»ih-r-Sfc«)lCj0^T'fe-5 

•5 Stt*< fc -S 1? fc -5 o 
[002 1] 

[SgBJO^JEOTffcjg] JilT. ^B^fl>-HJ£(0^lCO 

i^xmmz&m Lxmrn-tz* 

[0022] (^1 CDUSS^^) m4«Rr> : EX'!7A7K 
^b^i:iiK'(b7K^7KfcJ:i;SiS567K;g^j«0)M<b^ ><f 

x t- >«i=» -r £ x <v ^ >^iss<»$£m £ ® 3 ic^-r o 

frl3;1^*a>jSK'(b7Km7J<;1JSl*0.02 mol/L 
7?-$tL. ^b^^^x^^BlOx-v^v^fil*. m 

[0 0 2 3] &4mT> : £-*?l**mb<tom£.tf0.004 
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JB4«r>^-^A*»fl:«i©a!BlcH^6 
-^A*ttft«Baa*<0. 004mol/Lc»:y»^««'ett. 

[0 0 2 4] % AWT > — Jx4*Zs Olfg^lcS 

ttJf-ctt, S4»T>^-^A*^b!ftSSa>ltanic# 

tz. m4i®T> : E-^A>f^-><7>^Jl^[C^LTU^ 

KPtW KT*I*. 0.004-0.05 mol/LCDS 
S»«T?I4. «rlB<DK*«A<2J2lTa)3 0<DttKi:ra« 
(D^iS^jF-rA^ 0.05 mol/Ul±-Cli?ltfx^:/$r 
a*6<«Wwr*. K4*7>^ = l 5A-ft>0)MIB?- 

Kat*^ Kl*. 0.004-0.01 mo 

K©»*ifflci^^>ya«*Jilll-r«^ 0.01 mol 

[0 0 2 5] ^<b* >^f>Il:W§x7f>^f 

»3&<. m4^sr> ; E-^A7J<^b^(7)^I^fe^t^^*il^ 

W**trt^(OI*. «4«7>^x^i^3j->jMS<b* 
>^X^>«ffilx»*LTXy^:>^£|HSL-Cl*4fc 

[0 0 2 6] S*RB5», 0.2tfmW(&WI*fc(*Ktt 



X-x>H<Dx-/^>^i$JS(i20A/minJUT-e&*Ci: 

"f £m4jf&y>^-OA7ki£<b4$g (TMAH. f h7Xf^ 
7>^Ex^A/\-f KPt+*^ h\ 3"J>aif) as 
I*. < t *0. 05 mol/ULtjMST?*« 0 £f=. a 
XHffi**dW*fc, |triHm4i®T> i E-OA7K^b!t*l 
r*0. 05-0. 3 nol/LO)UmtttMt«u £ L 

[0027] {m&mmmm) **w<D*»*as«fctf 

[0 0 2 8] **HB0!)»**0>-«tLT. 

TMAH£ISi£) . iSKft***. fi«*0>a«5a 
*0)TIIAHfcJ:i;jl8»ft***a)il«l**^. 0. Imol/ 
L 0.02mol/L) . LtT^x? 

X7;lg, ail<b***ilflEtt-l'#t^*t0.8. 0.02mol/ 
L) *m*fc. *fc„ IMMflflOSi/*— f-r^^ftf^x 
/Mi. Si/<— ^;U^^ife*-y:fr0.5wt%HF;*^cfi|C, 6 

-< > * e saibHtt * -5 x / \ $ i o# max l t itm l 

[0 0 2 9] a^0>»ffi(*Si/^— -r-f ^^Htff^X/xt 

4o c co>ft»aic 5 aniax**** ai**TMo#nBtf-- 

[0 0 3 0] ^(DjgS. * 1 ixsrr .fcdlx. Si/*— ^ 
*;ua>Bfc**te* **wa)Jfc;**-e**TMAH. mmit* 

2fe»» J: y / T- -f ^ iUl»* * r t * * z. <t & 

[003 1] 

[ftl] 



* 1 



B£* 9 2 

[0 0 3 2] (m3<DHJS^®) **lta>»iBl?tt. * 

— hmfiiirLT. a<b*>^x-f->**t;3aK*fflL^ 
4M0SS«»J»* h7>^X$r (MOSFET) <7)g!ig;£}i fx 

[OO 3 3] *"*\ mz (a)(D«lCyU3>«*2 1 -t 



5 0 



[X. :7-f-;u K&1b0t 2 3 CDHCDv 'J xi 2 1 (Dm 

m & mmt-? z zt ix * y % nuwi onmsjso) y xj > 
iibisMt^o zo>s/y=i>iMbBi*y-niftii 

2 4tn?.S. h»<bK2 4±ixy >S K— ^ 

LfeMI^'J a>!2 5 ${b^WStffl«iaa (CVD) 
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[c*U100nn««**Stt* (82(a)) 0 
[0 0 3 4] friz. £«£gi/'J=i>K2 5±ICX/W* 

127 ^-^H^IOnm, 100nmCDM©r*IIIIw/$^-r^ o 
CCDX/W$CDBgtf)*--y-/ bt LTii. Mlb£>?x 

£ffll^6o fit, ^<b* >^X^f>Jg2 6(7>j£^B#(C 

-*CVD$tlZ<fc y % 400°C?lJ£O«ST*M{bvU 3 >I2 8 
£200nm<Z)Ktt-efi!tK'*"<5 (0 2(b)) . 

□ >I25, M<b£ >#X^f>j]l2 6. £ >yXr>I 
2 7fe*tfWb*>U=a:/||2 8<Z)tt4j»£>f- hm*IO> 
^ttlzJpx-Tft (12(c)) o Z*x£<Z>4|f (D5*>. ^ 
SSv'J3>I2 5, IW>^f>!2 6, 

xf>i2 7 0)3i^- hm*i2 9 d: Lxmm-t&o 
u^x hfc&iM*>f- h*as«fltLr^*3»a)tr» 

CDS(cM^-r^f-^. K^-fx?*:/$rttT*l=* 112 
(c)a>*«a>3fc»£mv hSaiCDfflllSlcMSLT 
l**£j*ttO>«. fccfcI/K^-<x^^>^*[c^^Lfc 
/^-^<^;i^f£I&£ir£o 2fc»l*. m^xmffl22wt% 
f h^^^iUT^-'iA/W KPtW K (TNIA 
H) . fccfct/m : f-X||ffi30wt%il^b7K^kfcc):i;SS$$* 
<DJB*»»*ttfflLfco ±»ja*OTMAH*5cfc^iS^b7K 
^7KC0;SJgl4#>^. O.1mol/U 0. 02mo I i: L * 40°C 
!zjSpaLfc«HB*a*lz % IB 2 MlZTfkLtz?- hM® 

fitt**"C10»IH*-/<-7P-'J>^*fTU^ 

[0 0 3 6] H4(d)(D«JZ % p^liH2 2 

n {+) I V-X«« 3 0 i:n (+) S K l/^ >«I8 3 1 
tSJBfiR-r^tttlw, ^avUa>IS2 5, Mlb* 
>^X7=->gl2 6, ^r>^X'7 L >^2 7fick^bvU 
a>!2 8 0)4JiCDfiO®*S<b*>y 3>K3 2T«It 
£o -tUTS^M. £Mtlft««3 3T?«ofctt* nW 
IV- XfH«3 0tn(+)iKl/-O««3 1 ic-ttt-ftt 
il-r^V-XmM3 4 fecfctf KU-f >««3 5£JfiM£ 
Ls MOSFET£^iS;£t!:£ (8 4(e)) . 

[0 0 3 7] »ffi(DfctfK &;*XfHfeO)>r- hfg29 
<DB3t®£SEM (^SSm^HRfeffi) T?«*LfctMl* £ 
fSSy'j3>i2 5, W.it$ >^Xf >I2 6. fccfctf 
*>?*X-x>l^2 7(7>«Sl4ISi:A/i:x^5 t >^3?*iT 

[0 0 3 8] &tz. tttiLO)tztb\Z % ±K2fe»Xga>2fe» 

Stir, tni ah % iattfc***. 3Btt*a>ad»jfta>ft 



8. 0.02fflol/Lt L.'40°C-C5»Wiafe*Lfco 
y-h««2 9a>BfBB*SEI|-e«*Lfcl*». mt$> 

fey, ^<b* >^f>!2 6. fc^t/^V^X^r^K 
27, fc^i;My | Ja>i2 8 0 3lli, >8£:LT^ 

[0 0 3 9] (m4(DHS6^®) *Wfia>»fflrii, ^ 

[0040] s-r. Mosa¥«i*«7- (Hs-trr) *<» 

CVDHkSIl5 1 <D±lzm.£500A<Dm<tT 
^152, JP£1500A(7>X/^$*><?X^r>j!g5 
3. J5£15OOA0CVD$>^X^r>Jg5 4fc£t/JE£t 
l£jtJSi<h LTJ5$5Q0AO>fifb^*>B£5 5SMt 4 
(85 (a)) o 

[0041] M<b^* >I5 5±\zm2^utm<D7H 

*m\z± y/<$-x>y£frofc (85(b)) o 
[O0 4 2] UvXh/^->j7X^i:Lt, 
M<b^*>Jl5 5. ^>^Xf>l53, 54. mt* 
*>M5 2* K^^x^9 L >^l3ckyi«lXL. ^SIS^ 
ZtefiZLtz (8 5(c)) o fcfc\ EttOMlCttK^-f 

[O0 4 3] K7^X7f>y$0UyXh/^ 

»*#xsfflL^fc3f^x-7ic«fcyj0eft«iaL-c 

BftSLfc (85 (d)) o 

[0 0 4 4] *J6^<Z)ft»a-eft-6TMAH. ifiK<b 

*fft7K> tt«*0>iBft* (40°C, ±»»4aO>TMAHSJKfe 

* xmmtxmmm \**ti*tio. .1 mo i /u o. 02mo i / 

L) T?10#IHl*»Lfc. *0>IML EttftlXfftaMl:: 
±JSL*:J#»«S5 7I*R****U ftfeido, Ef*<&x-;/ 
T>^*a^)tiftA^ofc (8 5(e)) o ttMOkib. ± 
K*»*a>ft*>yiCT>*=.7*. «« 

7<D»*3&<^F+»T?fcofcy. Sfl;* >^f>l5 
2. 5 5^$>yXf>!5 3, 5 4j&<>fiSfcLTl^«tt 

[0 0 4 5] 

=^ - r> A^k^jbft fc cfc i/ig[^^b7K^7K S3 cfc i/sa7K(7>?g 
*»"eft»-r6cti=<fey. Jt»jft*««ft«*x^^ 

tttttt fc cfc I// t- ^ ;u * »*-T *»36« Pitt 4: ft « fc 
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[01] (a)-(c)tt«*0!>-*tt«:**fc*o-C, &it 



[0 2] (a)~(c)li^^Xf>l2 7, 
f>!2 6fiJ:tfMl^U ^>I2 5 0>3jf«f:i£0^f 

[03] aHMb***a*t-3ei=LT. 14187^ 

[04] (dk (em*>^X^>jgi2 7. Mib£>^X 

- h«a*«^.t=MosFETs^fiK-r4*iiH**-r»fa5iao 

[05] Sib^£>J]g5 5. ^^f>!53, 54 



1 i->'j3>»fi, 1 2-pSOi;H, 1 

zi>JI> l6«-Hb^>^f>IB, 2 1-v'J3>S 
fi. 2 2-pI'!7IiH % 23-7-f — ;u KSHbM. 2 

^b^>^X^>^. 2 7--^>^f>I, 2 8-^ib 
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